Majchrowska A.: Abandonment of agricultural land in central Poland and its ecological role.
introduction
Farmland abandonment, i.e. the complete withdrawal of agricultural management so that spontaneous vegetation succession is able to progress, is a significant process in rural landscape throughout Europe (Strijker, 2005; Pointereau et al., 2008; Keenleyside, Tucker, 2010) .
In Poland, due to the political and economic transformation, there was an immense increase in the area of abandoned farmland and fallow land from 1.1% of agricultural land in 1990 to 13.6% (17.6% of arable land) in 2002 (GUS, 2004) . Since then a decrease in abandonment has been observed in reaction to the introduction of the Common Agricultural Policy payments and the cross-compliance standards. In 2010, 5.8% of agricultural area was not maintained in a good agricultural condition , which may be an approximation of the area of abandoned farmland (Table 1) .
Farmland abandonment is a complex phenomenon, with a variety of causes and effects (Rey Benayas et al., 2007) . It brings about an economic, environmental, social or/and cultural consequences, and therefore is growing in importance in various domains of policy, practice and research.
As explained by Höchtl et al. (2005) , Rey Benayas et al. (2007) and Poláková et al. (2011) , abandonment has a wide range of environmental implications, both negative and positive. Depending on diverse local and landscape factors (e.g. abiotic site conditions, biodiversity importance of the existing habitat, landscape fragmentation), the abandonment may decrease as well as increase landscape heterogeneity and species richness. Negative consequences include the following: (i) spread of undesirable invasive species, (ii) risk of fires (e.g. in the Mediterranean region), (iii) loss of traditional rural landscapes and (vi) loss of aesthetic values of landscape. The main advantages associated with farmland abandonment are (i) decrease in pollution by agricultural chemicals, (ii) improved water quality and hydrological regulation, (iii) recovery of soils and erosion mitigation, (iv) increase of carbon sequestration, (v) creation of new wildlife habitats, (vi) enhancement of ecological connectivity in fragmented landscape and (vii) improvement of ecological functioning within neighbouring protected areas.
Given the various implications of rural abandonment, we have begun a research project with the overarching goal to recognise ecological potentials for the abandoned farmland in central Poland. Specifically, we would like to provide field-verified information to help answer the following questions:
1. What is the spatial pattern of abandoned agricultural land in central Poland? How is it related to biophysical features of the study area? 2. What are the botanical characteristics of spontaneous vegetation succession in abandoned agricultural lands? What are their environmental determinants? 3. How do the abandoned lands spatially correspond to existing protected areas, in particular to landscape parks? 4. Can the abandoned lands be used to enhance the ecological landscape structure of the central Poland and supplement the existing network of protected areas? Insights from the study could support the management of abandoned farmland for the benefit of landscape conservation and planning. They could help in the preparation of regional protection plans of landscape parks.
The aim of this paper is to give an overview of the ongoing research project on farmland abandonment launched in central Poland in 2011. In the following pages, it will describe the general study approach, some methodological difficulties, the preliminary findings and expected results.
T a b l e 1. The area of abandoned farmland in Poland (GUS, 2004; Harasimiuk, 2008; 
study area
The study region in central Poland approximates the Łódź Province that has an area of 18 220 km 2 and ca. 2.53 million inhabitants, with urban dwellers accounting for 64% of the total. Łódź, with ca. 737 000 inhabitants, is its main city (GUS, 2011a) .
Central Poland is a flat and undulating glacial plain consisting of Quaternary till and fluvioglacial sands, with eolian deposits in places and Mesozoic rocks outcropping in the south. The altitude varies between 120 m and 250 m. The area is a water divide, and it therefore lacks large streams. The major rivers, the Warta and the Pilica, flow on the periphery of the province.
Agricultural land accounts for about 71%, forest 21%, and the built-up area 5% of the region (US w Łodzi, 2012) In the project, we concentrated our efforts on seven landscape parks in the Łódź Province, together with 10 km wide buffer zones around the parks (Fig. 1 ). Landscape parks (or regional parks) are extensive tracts of country protected by law because of their environmental, historical, cultural and aesthetic values. Settlement, farmland and woodland uses and other commercial activities may be continued after the area is designated as a park.
The total investigated area is 8423 km 2 , and includes ca. 1218 km 2 of the landscape parks and 7205 km 2 of their buffer zones. 
study plan
A detailed list of the study tasks includes the following: 1.
To define the process of farmland abandonment and discriminative features of abandoned farmland. 2.
To detect the location and assess the intensity of recent farmland abandonment within landscape parks and their 10 km wide buffer zones by visual interpretation of orthophotos. 3.
To verify in field the results of visual interpretation of orthophotos. 4.
To select detailed study sites with high concentration of abandoned farmland (2 sites per landscape park have been chosen in the buffer zones, all together 13 sites, as one of them is located in a common part of the buffer of two parks). 5.
To carry out investigations of the 13 detailed study sites. The detailed investigations within the sites involve: -mapping land use and cover; -describing abiotic environmental and site conditions based on soil analysis, thematic maps and scientific literature; -collecting floral data for the purposes of vegetation classification and description; -collecting mycological data; -establishing photo points to allow for ongoing monitoring and future comparisons; -carrying out analysis of the data collected in field; -examining vegetation-environmental relationship. 6.
To explore spatial patterns of the abandonment process in the study area. 7.
To assess suitability of the abandoned lands to strengthen the ecological landscape structure and supplement the existing network of protected areas.
definition of abandoned farmland
The multitude of definitions of agricultural abandonment and difficulties in identification of abandoned farmland are thoroughly reviewed by Pointereau et al. (2008) (Table 2) . In our study, we have defined farmland abandonment as a cessation of farming activity on a given surface of land. Subsequent transformation of the land into tree plantation or artificial surface is not considered farmland abandonment, but just an agricultural land-use change. The farmland is referred to as abandoned if spontaneous vegetation may develop through succession into tall herbs, bushes and, finally, forest.
The definition of agricultural abandonment we have adopted represents landscape ecological approach (Pointereau et al., 2008) (Table 2) , and is based on the description of vegetation cover.
identification of abandoned farmland
The identification of abandoned land was based on visual interpretation of orthophotographs (orthophotos from 2009 viewable via Web Mapping Service hosted on Geoportal -www.geoportal.gov.pl) in square plots 500x500 m large. All together we have examined 33 692 plots.
The estimate of abandoned farmland is difficult because its boundaries are not clear and there are similarities of vegetation cover between different land uses, as for example in cases of rough grasslands and ca. 5-year-old abandoned field (Faliński, 1986) .
We were looking for lands that (i) had woody or mixed grass-woody growth as a result of natural succession, (ii) had been previously used for agriculture, (iii) were not used for agriculture any longer, (iv) were neither artificially afforested nor taken up by urbanisation or peri-urbanisation processes.
During the identification of abandoned farmland we have encountered several vaguenesses. Firstly, tree plantations on farmland could not be completely separated on orthophotos and are partly included as farmland abandonment. Secondly, non-utilised farmland that is waiting, in some cases several years, for allocation to housing purposes cannot be wholly excluded. Conversely, the so-called semi-abandonment or hidden abandonment (DLG, 2005) , with a minimum level of management, which is necessary to claim the CAP payments or just to keep the area clear of woody growth so that it would be available for future use, is not counted.
We have quantified abandoned farmland in percentages of the plot area covered by spontaneous vegetation succession and assigned each plot to one of five classes of farmland abandonment: Obtaining the data on geographical location and intensity of farmland abandonment by visual interpretation of orthophotos was a tedious and time-consuming task, but European databases such as the Corine Land Cover (CLC) or Farm Structure Survey (FSS) statistics were not suitable for our purpose. The CLC data are too coarse and T a b l e 2. The various definitions of farmland abandonment (Pointereau et al., 2008 Land where farming has ceased and land which has been under-exploited.
There is an active process with a central point, which is farming.
There are many states of under-exploited land that are not easy to differentiate.
underestimate land cover classes that tend to appear in small patches (Keenleyside & Tucker 2010) . We plan to use the CLC 2006 database as auxiliary data to separate forests and artificial areas in the study area.
preliminary findings
The map of farmland abandonment in the Wzniesienia Łódzkie Landscape Park and Bolimów Landscape Park and their 10 km buffer zones (Fig. 2) presents a diversified picture of the abandonment geographical distribution and intensity. Farmland abandonment is generally widespread in those regions as it occurs respectively in 52.4% and 43.7% of square plots within their areas (The FLA0 class in the map includes not only agricultural land with no abandonment but also forests and artificial surfaces). With respect to the Wzniesienia Łódzkie Landscape Park, the share of the abandoned farmland is the lowest in its buffer zone (Table 3) , which results from large areas of artificial surfaces of the Łódź agglomeration, located in the south-west. Low intensity of the abandonment in the north-east coincides mainly with agricultural areas. Inside the park, an open landscape prevails. The core area contains ca. 33% of forest, which approximates the FLA0 class area in the park (Park Krajobrazowy Wzniesień Łódzkich, 2003) . A large share of the core area has been assigned to the FLA1 class (Table 3) , which suggests a mosaic-like rural Landscape pattern. Abandonment rates are the highest along the border of the park (500´500 m plots intersected by the border line), where 13% of the area is dominated by abandonment (FLA3 & FLA4) . The lowest abandonment rates occur in the core area of the Bolimów Landscape Park, which is the result of its vast forest cover. Similar to the previous case, the park border has the highest rates of abandonment (Table 3) . Within the buffer zone of the Bolimów Landscape Park, agriculture, mainly fruit growing in the south-east, takes an important role, and there-fore the rates of abandonment are low, with the lowest share of the FLA3 & FLA4 classes, equal to 3.2% (Table 3) .
These preliminary results suggest that each of the seven landscape parks to be studied may display a specific pattern of farmland abandonment, depending on local environmental conditions, forest area and density of settlement.
expected results
We have only started to explore the questions, therefore instead of tentative answers, formulating of expected results would be more plausible at this stage of our project. We expect that (i) spatial distribution of abandoned farmland in central Poland is related to biophysical features of the study area and coincides with poor topographic and edaphic conditions for modern agriculture, (ii) species structures of plant and macro-fungi of abandoned farmland depend on the site abiotic conditions and age of habitat, (iii) abandoned farmlands with similar abiotic conditions have similar plant and macro-fungi communities, (iv) plant and macro-fungi of abandoned farmland form communities on a small scale We hypothesise that geographical distribution of farmland abandonment is related to the existing protected areas, in particular to landscape parks, and we further expect that decreased intensity of human activity in the surrounding of protected areas affects the ecological processes within them. A theoretical foundation of this prediction is based on the ecological mechanisms by which land use outside protected areas alters ecology and biodiversity within reserves (Hansen, DeFries, 2007) . These include the change in effective size of ecosystem in which reserve is located, change in energy and material flows into and out of reserve, formation of crucial habitats and diminishing the exposure to human impact at park edges.
Overall, we aim to evaluate ecological potential of abandoned farmland in landscape scale.
future work and potential
Analyses of the data acquired in the first season of field work will continue with an emphasis on vegetation-environment relationships in the detailed study sites and the assessment of suitability of the abandoned lands to strengthen the ecological landscape structure and supplement the existing network of protected areas.
Our research could be a point of departure for studies on the suitability of abandoned land ecosystems for invertebrates and vertebrates, for further studies on the trajectories of abandoned farmland use and vegetation change, and their potential for the enhancement of ecological connectivity. The project is expected to contribute to the research on balancing rural land uses to improve performance of ecosystem services.
